To our knowledge, there has been only 1 case report of post-traumatic ''floating fat'' within the tendon sheaths. In this pictorial review, we will demonstrate this underreported sign by using 5 examples and suggest that this is an important secondary sign of an occult fracture or intra-articular component to a known fracture. A brief review of posttraumatic floating fat in the soft tissues (Morel-Lavallee lesion), in a subperiosteal location, and in a lipohemarthrosis completes this pictorial review.
To our knowledge, there has been only 1 case report of post-traumatic ''floating fat'' within the tendon sheaths. In this pictorial review, we will demonstrate this underreported sign by using 5 examples and suggest that this is an important secondary sign of an occult fracture or intra-articular component to a known fracture. A brief review of posttraumatic floating fat in the soft tissues (Morel-Lavallee lesion), in a subperiosteal location, and in a lipohemarthrosis completes this pictorial review.
Floating Fat Within the Tendon Sheaths
The first patient was a 32-year-old woman who fell on her outstretched hand and sustained a comminuted intra-articular fracture of the distal radius ( Figure 1A ). Fat-fluid levels were also seen in the extensor pollicis longus and extensor carpi radialis brevis tendon sheaths ( Figure 1 , B and C). The sagittal reformatted images show a spicule of bone in intimate contact with the tendon sheath of the extensor pollicis longus, which suggests laceration of the sheath as a possible mechanism ( Figure 1D ). The tendons within the first through fourth dorsal extensor compartments at the wrist closely overlie the distal radius, and therefore, are prone to injury in the setting of distal radial fractures [1] .
Free-floating fat within tendon sheaths is a radiologic finding that is often overlooked and has been reported only once [2] but is likely a more common entity, because we detected several examples within several weeks. A logical mechanism in this case would be a traumatic laceration of the tendon sheath, which allowed marrow fat to enter. Because of its lower density, fat has a propensity to migrate away from a fracture site, and the presence of fat in a tendon sheath should alert the radiologist to the presence of an occult or intra-articular fracture. In addition, the presence of echogenic fat within tendon sheaths on ultrasound should alert the radiologist to the possibility of a fracture at the osseous attachment of the tendon or of a laceration of the tendon sheath by a fracture fragment.
In this patient, as in the case reported by Le Corroller et al [2] , traumatic fat effusion was present within the sheaths of both the extensor carpi radialis brevis and the extensor pollicis longus tendons. These tendon sheaths communicate with each other at their point of intersection via a foramen [3] . Thus, material within one of these sheaths may pass freely into the other sheath. In addition, we suggest that the extensor compartment 2 and 3 tendons are most commonly affected because they are in intimate contact with a bony protuberance (Lister tubercle) and have the greatest area of contact with bone compared with other wrist tendons.
Two nontraumatic causes of fat attenuation within tendon sheaths are lipoma arborescens of the tendon sheath and true synovial lipomas. Lipoma arborescens of the tendon sheath is extremely rare and tends to occur at the ankle [4] . True synovial lipomas are also extremely uncommon and tend to occur in the hand and wrist [5] . A synovial lipoma in the semitendinosus tendon sheath at the knee is demonstrated in Figure 2 .
The second patient was a 42-year-old man who presented with a history of a fall from a height. A computed tomography (CT) showed a comminuted intra-articular depressed fracture of the calcaneus, with involvement of the posterior subtalar joint ( Figure 3 ). Fat in a nondependent location was identified within the flexor hallucis longus (FHL) tendon sheath at the level of the distal tibia and also distally at the master knot of Henry ( Figure 3 , A and B). The FHL tendon sheath communicates with the ankle joint in approximately 20% of individuals, and the ankle communicates with the posterior subtalar joint in 10% of individuals [6] . Therefore, there will be a communication of the posterior subtalar joint with the FHL tendon sheath in a small percentage of patients. The demonstration of fat within the FHL tendon sheath remote from the fracture in this individual, therefore, is likely due to this communication and not a tendon sheath laceration. Detection of fat within the FHL tendon sheath, therefore, is an indirect sign of an intra-articular component of a known calcaneal (or tibial-talar) fracture or of a fracture that is not included in the field of view on imaging.
The third patient was a 41-year-old woman who sustained a comminuted proximal humerus fracture after a fall, and CT showed fat within the proximal biceps tendon sheath ( Figure 4 ). Fat was seen in several axial cuts that did not demonstrate the fracture, which again confirms significant migration of fat and the value of recognizing that this may be a harbinger of an intraarticular fracture not included in the field of view.
The fourth patient was a 44-year-old man in an automobile accident. Fat was demonstrated in the posterior tibial tendon sheath on conventional radiographs ( Figure 5A ) and confirmed on CT ( Figure 5B) . A minimally displaced navicular fracture was the source of the fat and was only seen on thin-section CT, with the presence of fat in the posterior tibial tendon (PTT) sheath being the stimulus to review the thin sections ( Figure 5C ). The fat had migrated to the level of the medial malleolus.
The final patient was a 52-year-old man who fell down the stairs. A CT showed fat in the peroneus longus tendon sheath, proximal to a comminuted base of the first metatarsal fracture that was occult on conventional radiography but seen on CT. The fat migrated from the fracture into the peroneus longus tendon sheath at its first metatarsal attachment and then proximally ( Figure 6 ).
Morel-Lavallee Lesions
The patient was a 24-year-old man who trapped his knee between a golf cart and a railing. Radiographs of the knee demonstrate a Hoffa fracture, and a fat-fluid level was seen projecting into the prepatellar soft tissues ( Figure 7A) . A magnetic resonance image demonstrated multiple collections that contained fat-fluid levels and blood products within the subcutaneous tissues medially and laterally, compatible with Morel-Lavallee lesions ( Figure 7B ). The Morel-Lavallee lesion is a posttraumatic fluid collection between the subcutaneous fat and underlying deep fascia, and typically results from a ''closed degloving injury.'' The sheared hemolymphatic supply results in accumulation of blood, lymph, and necrotic fat in the perifascial plane. On magnetic resonance imaging, Morel-Lavallee lesions are usually well defined, oval or fusiform, contain partial or complete septations, and may have fluid-fluid or fat-fluid levels. A hypointense peripheral rim that represents a fibrous capsule is often present in the later stages [7] .
Subperiosteal Floating Fat
This patient was a 41-year-old man who was in a motor vehicle accident. A CT showed a pilon fracture with an extensive fat-fluid level in a subperiosteal location anterior to the tibia, constrained by the periosteum but extending significantly away from the fracture site ( Figure 8, A and B) . Extrusion of medullary fat into a subperiosteal location after a fracture has been well documented and may eventually form cyst-like cortical defects remote from the fracture site, especially in children [8] .
Lipohemarthrosis
This patient was a 45-year-old man who fell from a height. CT demonstrated an intra-articular calcaneal fracture at the subtalar joint and layering density within the ankle effusion consistent with lipohemarthrosis ( Figure 9) . A lipohemarthrosis consists of an admixture of fat, blood, and cellular components located with any joint capsule, and is virtually diagnostic for an intra-articular fracture. The only differential for a lipohemarthrosis is the very rare rupture of an intra-articular fat pad, most commonly the Hoffa fat pad in the knee (Figure 10) or, rarely, an intra-articular lipoma (Figure 11 ).
Conclusion
Free-floating fat within tendon sheaths is a little known but useful radiologic sign of an unforeseen intra-articular component to a known fracture and an important indicator of a fracture that may not be included in the field of view on imaging.
